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k INTRODUCTION 


The Armstrong Aerospace Medical Research Laboratory (AAMRL, 
formerly Air Force Aerospace Medical Research Laboratory, AFAMRL) 
is responsible for developing technical procedures to predict 
f noise in communities resulting from military aircraft operations. 
The predictions procedure established by AAMRL and used Air 
Force-wide (and by the Navy/Marine Corps, others) is a computer 
program, NOISEMAP, and associated datafile, NOISEFILE (References 
1 thru 7). Using the noise characteristics of each aircraft in 


NOISEFILE along with operational data from each base (e.g. type 
and number of aircraft, flight paths, power settings) and 

: knowledge of yearly meteorological conditions, NOISEMAP predicts 
’ equal noise exposure contours around an airbase in terms of day- 
night average sound levels and other psychoacoustic metrics. 
AAMRL continues to conduct research to improve the scope and 

X accuracy of these NOISEMAP/NOISEFILE procedures. 


One such improvement needed is in modeling excess sound 
attenuation for the overground propagation of noise (References 
2, 8 and 9). Excess sound attenuation (ESA) is the attenuation 
of sound in excess of that caused by geometrical divergence and 
atmospheric absorption. Some of the factors contributing to ESA 
are: (1) temperature and wind gradients (refraction); (2) wind 
vector relative to source (up and down wind propagation); (3) 
ground cover such as concrete or grass (reflection and 
absorption); (4) wind turbulence (scattering); and (5) obstacles 
such as hangars or apartment buildings (shielding). The ESA 
model presently used in NOISEMAP/NOISEFILE for the prediction of 
community noise is from work done in 1967 under a NASA contract 
2 (Reference 10). The AAMRL ESA study was undertaken to improve or 
verify this NASA model (which has a small data base and gives 
D large variance in predicted values) and, if practical, determine 
4 ESA as a function of ground cover/meteorology for each airbase. 
Because of contouring problems in NOISEMAP, the customizing of 
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ESA functions to specific airbases was not practical and was 
therefore not an objective. 


The approach for this study was to acquire meteorological 
and noise data on a great number of aircraft ground runups where 
the sound propagation paths were along typical airbase terrain, 
i.e. grassy, flat ground. Many noise samples were acquired in 
one and two hour block segments where most test parameters 
remained constant while others varied as monotonic functions. 
The calculated ESA values for closely spaced runups (time-wise) , 
show that meteorology (wind/temperature profiles), ground cover, 
and possibly slight ground undulations play a critical role in 
defining ESA. NOISEMAP, on the other hand, requires average ESA 
values to describe an average noise exposure. Thus AAMRL person- 
nel designed an ESA study that would be used to obtain 
statistically significant (average) ESA values and at the same 
time provide high quality noise data with some weather data that 
approaches micro-meteorological measurements. 


The results of this research effort are presented ina 
multivolume report. This volume, Volume 1, presents all of the 
measurements (noise, temperature, winds, etc.), observations 
(cloud cover/fog) and calculated ESA values during this 15-month 
study. Volume 2 (Reference 11) presents a statistical analysis 
of this ESA data and compares results to theoretical predictions 
and other ESA studies. The final volume, Volume 3 (Reference 12) 
discusses different models and algorithms for computing ESA and 
recommends a new NOISEMAP/NOISEFILE ESA algorithm based on this 
ESA study for moderate downwind conditions. 


In most acoustic experiments, especially those conducted 
outdoors, the number of experimental parameters is many times 
larger than those controlled or measured. It’s the control, 
measurement and (in some cases) measurement technique of the more 
significant parameters which: (1) dictates the allowable ap- 
plication of one set of results to another set of circumstances; 
(2) explains the deviation of the data; (3) determines the amount 
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of data to be acquired; (4) limits the phenomena that one is 
trying to explain; and/or (5) establishes the uniqueness of each 
study. This report describes which parameters were controlled, 
measurements taken, equipment accuracy and measurement 
techniques. The ultimate results of this study (Volume 3, 
Reference 12) are applicable to NOISEFILE/NOISEMAP but might not 
be appropriate for application to other data bases. 


The many pages of data presented herein were only made 
practical by use of several specially-developed computer 
programs. These programs are an integral part of this whole ESA 
study and, as such, their value to other experiments is 
questionable. For this reason they are not being published but 
individual or organizational requests for additional information 
concerning them will be entertained. Send such request to 
AAMRL/BBE, Wright-Patterson Air Force Base, Ohio 45433 - or call 
(513) 255-3605. 
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=» 
: FIELD TESTS AND INSTRUMENTATION a 
* voy 
. This section is divided into several subsections describing aN 
, the test site, noise source, microphones, Mobile Acoustic 4o 
Laboratory, REMOTEPAKs and meteorological equipment. Comments tt 
are alse given in some subsections concerning why certain proce- ay 
dures/techniques were used in this study. ve 
Test Site 
re AG 
Z The test site was 2400 m (7900 ft) segment of flat grassy = 
terrain along Yaxiway 17 of Patterson Field in the Wright- ee 
Patterson Air Force Base complex. At this particular site 
(Figures 1 and 2) aircraft could perform engine runups at either nt 
end of a microphone array. This test feature provided a simple wy 
means of acquiring up and down-wind noise data while other test ue 
parameters remained nearly constant. In the plan view of Figure >» 
1 the aircraft is in position to run its inboard right engine, “4 
engine number 3, at maximum power for an ESA event. After one or id 
more events the aircraft taxied forward 300 m (1,000 ft) to the es 
runway and took off for a flight mission or taxied down the > 
runway and set up for an ESA test at the other end of the Nw 
microphone array (Figure 2). Similarly, some of the aircraft Sa 
that landed taxied to the runup area in Figure 2 and ran up 3, 
engine 3 for another event. 
The propagation path between the reference microphones (T, “ 


S, and Q) and all other microphones (A through I) were covered 
with grass except the narrow asphalt road and one taxiway. The 


on 


(i te 


elevation profile shown in these figures appears to have large 4 
land fluctuations which were really insignificant when viewed on- we 
site. This elevation exaggeration is in part just that, i.e., oA 
the vertical scale in Figures 1 and 2 is 70:1 compared to the \ 
horizontal scale. Another fact not apparent when on-site is that mH 
the airstrip has a difference in elevation between one end ot the ae 
runway and the other. This difference is greater than the 5 m a 
(16.4 ft) shown for the segment used for the ESA tests. The b 

terrain from source to all microphones was fairly flat and grassy 4 
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(coarse grass), typical of many air bases. Most land deviations 
from the 5 M slope were man created to provide drainage for the 
summer thunderstorms that frequent this geographic area. The 
land was also fairly flat on either side of the propagation path 
and had no large reflecting surfaces within 1000 M of the path or 


noise source. 


A problem with this and many other test sites was variation 
in background noise. Noise measurements from thirty-seven events 
were valueless because of high background level from unexpected 
engine trimming operations, helicopter activity or 
takeoff/landing operations. All data presented herein are void 
of background noise as explained in the DATA RESULTS section of 
this report. 


Noise Source 


Three noise sources were available for the ESA study. The 
C-135A aircraft with its 13,500 pounds thrust J57-P-59 turbojet 
engines was the noisiest and easiest to obtain; and therefore it 
was used 98 percent of the time. The other two noise sources 
used were the C-135B aircraft with its 18,000 pounds thrust TF33- 
P-5 turbofan engines and the C-141B with its 21,000 pounds thrust 
TF33-P-7s. Up to event number 101, flight scheduled aircraft 
were used as the noise source and, as such, all three aircraft 
were employed in our tests. Because of scheduling and background 
noise problems all events from 101 and upward used dedicated 
C-135As for the noise source. Of the 415 events used in the 
database only eight were from C-135Bs or C-14ls. 


Another noise source parameter affecting how the noise is 
propagated is the height of the engine above the ground. Both 
the C-135A and B models have their engine centerline at 1.52M (5 
feet) from the ground to the engine’s centerline. On the C-141A 
this same measurement was 2.44M (8 feet). 
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The runup locations had special lines painted on the 
taxiways which the pilot followed to park his aircraft in the 
proper orientation for the ensuing event. These lines were used 
to: (1) orient the aircraft for maximum noise radiation along the 
microphone array, (2) permit the pilot to park the aircraft 
himself (as opposed to requiring a ground crew member to be an 
on-site flagman directing the parking), and (3) provide the 
maximum amount of concrete and asphalt between the noise source 


and the reference microphones. 


As previously stated, this study was designed to derive ESA 
values applicable to the data acquired for NOISEFILE. To do this 
the aircraft was parked as if noise data were going to be ac- 
quired every 10 degrees as is done for NOISEFILE, Figure 3. In 
the ESA study, however, only one microphone location was on the 
semi-circle (maximum noise radiation, 135 degrees) with the rest 
of microphones extending outward on that same radial. A closer 
and more detailed view showing the relationship between aircraft 
centerline, engine centerline and exhaust nozzle exit plane of 
the inboard engines (numbers 2 and 3) is shown in Figure 4. ESA 
data derived from this configuration are directly applicable to 
the NOISEFILE data previously acquired on this aircraft. 


After parking his aircraft and applying his brakes the 
pilot would stabilize engine #3 at maximum takeoff power. The 
engine stayed at this power setting (a minimum of 30 seconds) 
until instructed to reduce the power to idle. The overall noise 
level produced during any event was quite constant (usually + 1 
dB standard deviation) at the reference microphones. However, 
since the maximum takeoff power that the engine can produce is 
dependent upon air temperature the overall levels could change 
from day to day and sometimes from one hour to the next during 
rapid temperature changes. This played no role in determining 
ESA values; values calculated from the difference in noise levels 


between microphones. 
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Microphones 


This section explains microphone location and designation, 
types of microphone systems and their installation and the tech- 
nique used in acquiring reference noise data. 


Location and Designation 


Microphones were placed on a 135° radial line from 
the aircraft, Figure 4. This line is parallel to taxiway 17 and 
was independent of ground runup location, Figures 1 and 2. The 
reference microphones (designated as S,T and Q) were closest to 
the aircraft with other microphones spaced at 5 dB down locations 
(based on inverse square law only). Since both runup areas used 
the same straight-line microphone array, the microphones were 
more dense at the ends and the 5 dB down spacing stopped at the 
middle of the arrays. For computer storage/retrieval and record 
keeping, the arrays were numbered. Odd numbers (01,03,05) were 
given to the array when the aircraft was at the northeast runup 
area. The array numbers were changed when substantial instrumen- 
tation changes were made and to denote blocks of time. Thus, the 
odd numbered arrays were: (1) Array 01 from November 1979 to June 
1980; (2) Array 03 from September 1980 to early October 1980; (3) 
Array 05 from mid December 1980 through February 1981. The even 
numbered arrays (02,04,06) designate an aircraft runup at the 
southwest area and covered the same respective time periods. An 
additional array, 08, was designated for a few events in 
September 1980 when the reference microphones were not working 
and replaced with a scanning microphone, Q (discussed later in 
this section). 
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Types and: Installation 


Microphone systems A through I were Bruel and 
Kjaer outdoor systems type 4921 installed at a height of 1.5M (5 
feet). Normal installation for these units is upright (for 
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proper rain protection) which results in parallel incidence of 


ee aaeaed 
he 


the propagating wave from either noise source runup area. 
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Microphones Q, used during a limited number of tests, were Bruel 
and Kjaer half inch type 4133 and were pointed at the noise 


oe. 
ad 


as 


source (perpendicular incidence). Microphones S and T were 
GENRAD half inch electret type 1962 installed in weatherproof 
enclosure type 9640. To maintain proper weatherproofing these 
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were upright and therefore had parallel incidence. Microphone S 
was at 0.3M (1 foot) above ground level and T was at 2.4M (8 
feet). 
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AAMRL Mobile Acoustic Laboratory 


The AAMRL Mobile Acoustic Laboratory is a semi-trailer used 
for housing electronic equipment needed in field tests and 
commanding/coordinating field procedures required in such 
programs as this ESA study. A plastic dome and some radio anten- 
nas were installed on top of the trailer specifically for this 


study. These components allowed the Test Director to visually 
review the test site and coordinate events with the pilot. The 
trailer was parked close to the only transformer in the vicinity 
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(Figures 1 and 2) and connected to a telephone line. Electronic 
equipment was installed as shown in Figure 5 . The next few 
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paragraphs and the Field Measurement section discuss equipment 
used to acquire the noise data. 
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A special group of microphone, tape deck systems called 
REMOTEPAKs acquired noise and meteorological data at isolated 
locations. A REMOTEPAK is a radio controlled, battery powered, 
all weather microphone system with a built-in tape recorder. 
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Each consisted of: (1) an FM receiver; (2) a tone burst sensitive 


“ss 


control system such as used in push button telephones; (3) an 


automatic step attenuator; (4) an outdoor microphone system; (5) 
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a tape recorder and (6) four each twelve volt rechargeable 
batteries. Figure 6 is a block diagram of a REMOTEPAK 
instrument. 
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The Test Director used a REMOTEPAK-control console and 
transmitter to record data with these units. Through this con- 
sole he started the recorders, announced the event number, 
applied acoustic calibration signals, recorded electronic noise 
(shorted input), recorded noise data (including background noise 
before and after each engine runup), applied post calibration 
signals and stopped the tape decks. Each event recording lasted 
nearly one and half minutes and about 20 events were compiled on 
each tape. The REMOTEPAKs had enough battery power to last five 
days of testing. Under these conditions magnetic tapes were 


usually changed daily and batteries recharged weekly. 


A noteworthy feature of the REMOTEPAK is its ability to 
automatically increase attenuation, in 10 dB steps, whenever the 
signal is high enough to overload the recorder. Except for a few 
automatic attenuation steps caused by high winds the attenuator 
only triggered the step attenuator as the engine power was coming 
up and stabilizing, i.e. the attenuation stepping was completed 
before the testing began. The total change in attenuation caused 
by this stepping was easily calibrated through the comparison of 
the pre and post calibration signals. 
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Meteorological Monitors 
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Temperature measurements were taken from temperature probes 
mounted on a 9.1 M (30 feet) tower near the Mobile Lab. 
Thermistors (Yellow Springs Instrument Company) installed at 0.3 
M (one foot), 1.5 M (six feet) an 9.1 M (30 feet) on the tower 
were read to obtain temperature differences from near ground 
level to maximum allowable height in a Cleared Zone (a special 
zone on air bases where no permanent structures are allowed). 
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The electronics and read out meters for these probes were in the 
Mobile Lab. Temperature measurements were announced twice on the 
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voice channel for each event: (1) as the engine was being estab- 
lished and (2) just before the engine power was reduced. 


Wind speed and direction (Climatronics MK III) were re- 
corded on magnetic tape. The number of components and their 
location and height varied during the study as listed in Table 
1. 


The humidistat (Thunder Scientific Corporation) was located 
near (within 10 feet) the temperature tower in a special 
rain/snow proof, screened-in housing at 1.5 M (five feet). 
Similar to the temperature probes, its electronics and read out 
meters were in the Mobile Lab, and the Test Director announced 
humidity on the voice channel during each event. 


Meteorological measurements monitored by the Wright- 
Patterson Air Force Base meteorological staff were read hourly 
and are presented herein as a general part of the data base. Air 
temperature, dew point, barometric pressure, and wind direction 
and speed are presented in tabular form in Appendix B. Wind was 
monitored at 1.5 M (5 feet) and temperature at 3.0 M (9.8 feet) 
above the ground. This type of information is acquired at all 
air bases and is used to cbtain monthly/seasonal statistics. If 
ESA values are made weather-dependent then these statistics would 
be used to help determine base-specific ESA values. 
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TABLE 1 
INFORMATION REGARDING WIND SPEED AND DIRECTION MONITORS 


Height in Meters 
of Monitor Above 


Microphone Location 
Ground Level 


Near Wind Monitor 


Wind Monitor 
Designation 
01,03,05 | 02,04,06 034-100 100] 101-329]330-492 
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S2 
$3 
$4 
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FIELD MEASUREMENTS 
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This section of the report describes the procedures fol- 
lowed in the day-to-day routine of taking noise data and the 
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unique microphone scanning technique used to acquire reference 
noise. 
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The procedure used in conducting the ESA tests were simple 
and straightforward. The instruments were frequently calibrated 


we 


by 


and during each event the conversation between the aircraft crew 


aos 


and test director were recorded. Early morning hours were chosen 
most often in order to have the best signal to noise ratio, i.e. 
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when other aircraft/airbase activity was minimal. Land lines 
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between microphones and the mobile lab were used where practical, 
and many microphone systems had dual roles, Table 2. 
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Instrumentation showing inconsistent acoustic calibration levels 
were quickly replaced and visual checks were made at each runup 
area to assure that aircraft alignment was correct. In the 
morning hours when the weather was slowly changing (sun rising, 
temperature gradient changing, wind at zero or just beginning to 
increase) several events would be recorded at one runup area 


prior to having the aircraft move to the other area for a series 
of events. 


In consideration of the above a recording of an event 
contained such information as: (1) an event number; (2) an 
acoustic calibration; (3) a request to bring the engine number 
two to maximum power; (4) an announcement when it was at maximum 
power; (5) a reading of the temperature and humidity; (6) values 
of amplification for each recorder channel; (7) comments concern- 
ing possible background noise problems (e.g. helicopter 
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activity); (8) a thirty to forty second sample of runup noise; 
(9) a sample of noise while engine was reducing its power to 
idle; and (10) a sample of background noise (which included 
engine noise at idle power). 


The field tests were conducted from December 1979 through 
February 1981. During that time, noise from nearly 500 events 
were recorded. Up to thirty events were performed on any single 
day and more than half of all the events occured between 7 to 9AM 
and 1 to 3PM. 


Measurement Techniques 


It is again emphasized that the primary objective of this 
study was to obtain ESA values applicable to NOISEFILE. To 
provide an understanding of how microphones were used in the ESA 
study it is best to explain how they were used in establishing 
NOISEFILE. In creating NOISEFILE, noise surveys were performed 
on many Air Force and Navy aircraft. In accomplishing this 
extensive effort, battery powered tape recorders, microphones and 
calibration equipment were hand-carried to various air bases. 
Because of the differences between each base and its aircraft, a 
wide variety of far-field ground-cover conditions and noise 
source heights were encountered. In more than 75 percent of 
these surveys, far-field microphones were located so that at 
least 50 percent of the surface between the aircraft and the 
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microphones was concrete. Most of the runup pads had some ground 
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irregularities (drainage ditches, rough grass, etc.) crossing or 
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near our measurement semicircle, Figure 3. A major concern was 
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how to overcome ground reflection and impedance problems without 
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using flush mounted microphones (too many installation dif- 
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ficulties and a significant increase in equipment). 
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To compensate for the ground irregularities and minimize 
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the frequency dependent summation of direct and reflected sound 


as 


waves from the noise source to fixed-height microphones, a unique 
scanning microphone technique was instituted (Reference 13). In 
this technique approximately five to ten seconds worth of noise 
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data were acquired at each location while the microphone was aey 
vertically swept from 0.5 M (1.6 feet) to 3 M (10 feet) above the ie, 
projected ground plane containing the landing gear. During Ley 
analysis this signal was analyzed using an integration period a 
slightly less than the acquisition period. Sound pressure level mh 
measurements determined by this space-time integration power Mh 
summation method de-emphasizes the ground reflection and im- a 
pedance problems. ; 

et 

A similar, but much simpler, technique was used in the ESA ms 
study. Two fixed height microphones, S and T, were at the net 
reference location with S at 0.3 M (1 foot) and T at 2.4 M (8 e 
feet) above the ground. Noise data acquired by these microphones Ka 
were analyzed into one-third octave bands with an integration eM 
period of 0.5 seconds every 0.5 seconds throughout the event, et 
resulting in approximately 60 samples per event per microphone. ‘a. 
A software program, OMEGA 12, used these samples to calculate an a 
LEQ* for each band and then combine like bands of S and T to me : 
produce a power average level called U. It is this value, U, ras 
which simulates the noise levels one would obtain from a vertical eee 
scanning microphone. 2. 
aw 
In order to determine how good this simulation is, a scan- rk 
ning microphone, Q, was placed alongside the fixed-height Pia: 
reference microphones S and T for 70 events. The scanning > 
microphone performed a vertical traverse from 0.3 to 2.4 M over a Ge 
30 second period. The noise data from Q were analyzed the same an 
as S and T, i.e. with a 0.5 second integration period every 0.5 ae 


seconds concluding with an LEQ calculation for each band in the 
event. The comparison of Q to U is presented in Table 3 and is 
expressed in terms of average differences. The biggest dif- 
ferences are in the 200 and 250 Hz bands which coincides with the 
bands containing the most ground reflection effects (as shown in 
the test results, Appendix A). Excluding these two bands, the 


*LEQ (equivalent level) is the energy average of the one-half 
second integration time, root-mean-square sound pressure levels 
(in decibels) over the events. 
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TABLE 3 


COMPARISON OF REFERENCE MICROPHONE NOISE LEVELS 
Q AND U FOR 70 EVENTS 


One-third Octave Band Mean Difference in LEQ for (Q-U) 


OB Q-U (dB) 1/3 OB Q-U (dB) 1/3 OB Q-U 


250 -2.6 2500 0. 
315 -1.1 3150 -0. 
400 ~1.3 4000 -0. 
500 ~1.4 5000 -0. 
630 -1.0 6300 -1. 
800 -0.4 8000 1. 
1000 -0.0 10000 -0. 
1250 -0.6 

0.6 

0.8 
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average Q-U difference is -0.5 dB (if the two bands are included 
the average difference is then -0.7 dB). The differences between 
Q and U were calculated so that, if they were small, the un- 
manned, electrically operated scanner could be abandoned and the 
much simpler stationary microphones S and T could be used in its 
place. This being the case, most of the data presented herein 
are based on U data. It is believed that Q-U differences are 
somewhat aircraft-orientation dependent and since the ESA values 
were developed for independence of radiation angle, then the 
differences in Table 3 would not be used as correction factors to 
approximate U to Q. 
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CALIBRATION 
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All of the acoustic monitoring, recording and analyzing 


instruments used for this study were off-the-shelf, i.e. manufac- 
tured equipment. Several devices were specially made, however 


AA, 


none of these were in the acoustic data-flow path and therefore 


id 


required no calibration. Acoustic instruments were calibrated 
according to AAMRL/BBE standard procedures which are based on 
standard laboratory procedures, manufacturer’s recommendations 
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and ANSI Standards. Thus, microphones were comparison calibrated 
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from 20 to 20K Hz using a National Bureau of Standards calibrated 


“¢ 
a 


microphone as a secondary standard. Wind screens and propagation 
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angle were included in the calibration testing. Insertion 
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devices (with impedance matched to the microphones) were used to 
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input sweep frequency sine waves (20 to 12500 K Hz) into each 


Mie Sy 


data acquisition system from the microphone pre-amplifier through 
the record channel. These signals along with recordings of 
shorted inputs and single frequency (where the input voltage was 
changed in 20 @B steps) were used to obtain the frequency 
response, electronic noise floor, linearity and 
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distortion of each system. These calibration signals were per- 
formed every 30 days of testing unless a system sensitivity 
changed more than t1 dB.* 


The frequency sweeps were used during data analysis to 
obtain correction factors for each microphone system (summation 
of microphone, wind screen, propagation angle and all electronic 
components from the pre-amplifier through the spectral analyzer). 
A conservative (i.e. worst case) estimate of the absolute ac- 
curacy of the data is: (1) +2 a@B from 20 to 5000 Hz and (2) t3 
@aB from 6300 to 10,000 Hz. 


DATA ANALYSIS 


Spectral Analyzer 


The recorded sound pressure levels were analyzed into one- 
third octave bands using a GenRad 1921 Real Time Spectral 
Analyzer (1921). This multi-filter analyzer has forty-two one- 
third octave band filters from 3.5 to 50,000 Hz and integration 
periods ranging from 1/8 to 32 seconds in 9 selectable periods. 
The analyzer has a 70 @B dynamic range and a t0.5 @B accuracy. 
To facilitate the handling of large amounts of data the 1921 was 
interfaced to a computer terminal that accepted and stored the 
one-third octave bands. 


Computer Facility 


The computer, a CDC 1700 Batch Terminal, used to store 
and/or retrieve the data was located in a room adjacent to the 
1921 Analyzer. After all the one-third octave bands had been 
analyzed and stored, the CDC 1700 was used as an interface to a 
larger computer, CDC 6600, which performed the mathematical and 
statistical analysis and summary tables presented in the Appendix 
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*Systems with larger changes in sensitivity were repaired or replaced 
and also changed/replaced if the distortion became greater than 3} 
percent or the linearity varied more than 0.5 dB. 
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of this volume and much of the data presented in volumes 2 and 3 





of the report. 








Data Reduction 





The field-acquired noise and calibration data were 
















‘ 

, processed with the 1921 analyzer and transferred to the batch ~~ 
‘ terminal for storage. The 1921 was set for passing one-third oh 
. octave bands from 25 to 40K Hz. Integration time was set for 

: one-half second and the 1921 was put into the repeat mode, the 
> combination of which creates 27 simultaneous time histories of ad 

one-third octave bands. Frequency sweeps were analyzed first to oy 

. assure that the acquisition and reduction systems were working o 
h) and to obtain correction values. The pre and post-event, a 
: acoustic-calibration signals were analyzed and used to establish mm 
a a known level within the 1921. The above frequency corrections i 
‘ along with microphone corrections and level setting were used 5 
‘ during the analysis to give one-third octave band results inde- ms 
y pendent of their system, i.e. comparison of noise data at one “3 
4 location to those at another were instrumentation independent. ay 









The background noise, the noise at each microphone once the a 
. turbojet was pulled back to idle power, was also analyzed into AR 
& one-third octave bands. The ambient noise was acquired im- ay 
§ ty! 


mediately after each event and therefore its analysis contained 
the final gain settings that were used during the engine noise 








. rise . 
., recording. These data were also corrected as above and stored Se 
‘ we 
within the computer for a later comparison to the noise bands a 
™ 

produced by the jet engine. ant 
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The results of these analyses, corrected one-third octave 
bands of jet and background noise, were first stored on computer 
cards and later on digital tape. These analyzed quantities along 
with meteorological data were used as inputs to a software 
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program, OMEGA 12, which is discussed in the next section. 
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DATA RESULTS 


Each of the three volumes of this ESA study have data 
results. The results in this report are in terms of fundamental 
data for each event: noise levels, ESA values, wind velocity, 
temperature gradients, etc. Volume 2 (Reference 11) uses these 
data to derive and compare models/theories. Finally, Volume 3 
(Reference 12), uses the results of Volume 2 in application to 
aircraft ground runup noise and recommends a particular model] for 
the U.S. Air Force to use in its prediction procedures. 


The data of Volume 1, presented in Appendices A and B, are 
the outputs of two software programs, OMEGA 12 and 13 
respectively. These programs were developed by the University of 
Dayton Research Institute under a contract with this Laboratory 
and will be discussed in this section. The discussion will be 
centered on explaining the format of their outputs (directly used 
in the appendices) and each program’s purpose. Neither a dis- 
cussion of the program intricacies nor definitions of commonly 
used acoustic quantities are considered part of this report. It 
is assumed that anyone using the data herein is knowledgeable in 
acoustic terminology/definitions. An exception to this is in the 
adjustment of measured source-noise to remove background noise 
intrusion. This is best explained by Mr. Cole in Reference 13 
where he states that for the OMEGA programs: 


"For each test we measured and analyzed samples of noise 
produced by the source to derive one-third octave band 
SPLs, which we will call RSPLs for this discussion. 
Similarly, for near-field and far-field measurements we 
derived one-third octave band SPLs for the background 
noise, which we call SPLNs. Both type spectra are stored 
in the data bank and used as input to OMEGA 1.4 and OMEGA 
3.2, which performed the following steps to remove the 
influence of any background noise: 


For each one-third octave band f 
(1) If (RSPL, - SPLN,;) > 16, then the SPLN, had no sig- 


nificant influence on the RSPL> which was used with no 


changes for further processing. 
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If 6 < (RSPL> - SPLN -) < 16, then the SPLN. slightly 


affected the RSPL, which was corrected as follows 


before further processing: 


RSPL 


RSPL, = 10log antilog => - antilog 


SPLN 
10 


Such corrections ranged from 0.1 to 1.2 GB. 

(3) If (RSPL, - SPLN -) < 6, then the SPLN, excessively 
influenced the RSPL,-, which was then deleted from the 
spectrum and not considered as data. 


near 


bt 


we 


Generally little or no data were deleted or required 
correction, because the instrumentation and measurement 
methods provided large signal/noise ratios throughout the 
frequency range of interest. The OMEGA programs flagged 
all corrected band SPLs on all tables of measured data." 
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OMEGA 12 


Twenty years ago acoustic-data analysis was accomplished on 
a band by band basis and the output appeared as a wavy line ona 
scroll of paper. This slow, painstaking process made the ex- 
perimentor intimate with his data. As he analyzed and listened 


to this data time and again, he anticipated what each output 


would look/sound like and quickly questioned any deviation 
thereof. Today’s simultaneous multi-band analyzers, however, 
have distanced the experimentor from his data. The OMEGA 12 
program was developed to restore some of that former intimacy and 
to perform some calculations on individual events (not across 
events). 


As such, this program prints out in tabular form SPL-time 


% 


gia > 
Su Me Ny te 


histories (one every one-half second) of one-third octave bands 
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oe 
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for each microphone location in an event. The SPLs in these 


eae 
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tables were corrected for frequency response non-linearities and 


background noise intrusion. Each table ended with a summary 


% veh 


section listing the minimum, maximum and mean SPLs, standard 
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deviations and LEQs. In a similar fashion the program output 
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wind speeds and direction time histories (also in one-half second 
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intervals) along with their associated statistics. Another Shy 









output page was devoted to meteorological data. This page con- ms 

tained the air base weather data (15th Weather Squadron), wind Rat 

velocity (at two microphone sites), wind profiles (during a fish, 
limited number of tests) temperature as a function of height, Sat 

temperature gradient and generalized sound velocity gradients. out 

These easy to scan tables were used to review all types of data pian 

so that any questionable data could be re-analyzed and ay 

wn) 






corrected. 


It was also in this program that the ESA values were 
calculated. ESA values were obtained for each one-third octave 


band from the relationship: 
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ESA (at d,) - LEQ; 4. - 20 log a, ATN,(d, ~ 4,) 


= LEQ) REF 
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ATN = atmospheric absorption coefficient for the Jth 
band from SAE APR 866A 





A 





oni 
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da = distance of reference microphone to noise source 










da = distance of an ESA microphone (in this study, an . 


ESA microphone was anyone of the microphones A Ve 
to I) to the noise source 









LEQ = LEQ data for the Jth band at the reference 





J,REF 





microphone 








LEQ, a = LEQ data for the Jth band at an ESA microphone ees! 
- ‘ 
2 





Since the output of each event averaged over 60 pages and 
contains more detail than most researchers desire, they are not Ne 
going to be published as a 24,000 page technical report. There “a 







was, however, a one page output for each OMEGA 12 run (i.e. for 
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each event) which summarizes part of the acoustic data. This one 


page contains: 


one-third octave band LEQs for each reference microphone 
one-third octave band LEQs for reference "U" microphone 
one-third octave band LEQs for each ESA microphone 
overall sound pressure levels 

A-weighted sound levels 

Sample duration 


distances between microphones and noise source 





and are presented in Appendix A. The summarized meteorological 
and ESA data from each OMEGA 12 computer run (one run for each 
event) are stored in a large data base for use by the OMEGA 13 


progran. 





OMEGA _13 


The OMEGA 13 program was developed to derive weather and 
ground cover dependent ESA functions. 


{ This program uses the OMEGA 12 generated data base to 
produce ESA versus distance curves of one-third octave bands, 
overall, and A-weighted levels. Since many weather and ground 
cover conditions were encountered during the ESA study, it was 
possible to perform a comprehensive parametric analysis. The 
OMEGA 13 Code Sheet, Table 4, shows the various parameters that 
can be chosen for analysis. The ESA versus distance functions 
shown in Volume 2 and 3 (Reference 11 and 12) of this report were 
derived using the OMEGA 13 software. 


Another output of the OMEGA 13 was a summary of all 
meteorological, ground cover and ESA values. These quantities 
are in fact input data to the OMEGA 13 from the OMEGA 12 data 
base. The various quantities are formatted on the OMEGA 13 


2 


output sheets so that the user can easily scan across events to 
examine the subtleties between sequential acquired data. The 
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OMEGA 13 CODE SHEET ete 
wes 
nr 
JOB_DATE CARD 
Col.k__b__ _b__~—soiDate eg.: 29 JUN 82 ens 
¥ ¢ 
TEST SEARCH PARAMETERS -- Select a maximum of nine parameters from those listed below and ere 
fill in the desired ranges and/or codes. The decimal point is As, 
optional for all data on cards 1 and 2. A 
(CARD 1) ‘ 
Col. = - __ _ = _ _ _ TEST number aN 
ft 
AFAMRL METEOROLOGICAL DATA: wos 
Paar ahh 
WIND VECTOR (WV) Col. (11) TO (16) M/S ee 
Sees Ee RON CEO) ke as Sy 
TEMPERATURE [0.3m] (Tl) (22): 1 Ge a ke TO (26) = *¢ aie. 
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eed ad 
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OBSERVED CONDITIONS: war 
wd 
PRECIPITATION CODES (MAX 3) Col (25) _ Sy 
GROUND COVER CODES ae 
VEGETATION (MAX 4) Col(28) Sey 
MOISTURE (MAX 4) Col(32) rs 
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OMEGA 13 output was used, as was the OMEGA 12, to check the 
analyzed data for consistency and spot possible errors in 


analysis. 


As previously stated the purpose of this volume is to 


present the basic data acquired in this study and used in the 


other volumes to discuss 


ESA in general and develop an ESA model 


for the U.S. Air Force noise prediction programs. The basic data 


for each event are: 


(1) the one-third 
{the LEQ over 


(2) the one-third 
values in dB; 


octave band sound pressure levels in dB 
each event) ; 


octave band, overall and A~weighted ESA 
and 


(3) the detailed weather measurements and observations. 


Appendix A lists the LEQs and Appendix B presents the ESA values 


and weather data. 
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APPENDIX B 
EXCESS SOUND ATTENUATION, ESA, AND METEOROLOGICAL DATA 
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